Foxp3 regulatory T cells (Tregs) are now considered to play a key role in modulation of 23 immune responses during parasitic helminth infections. Immunomodulation is a key 24 factor in Fasciola hepatica infection; however, the distribution and role of Foxp3 + 25 2 Tregs cells have not been investigated in F. hepatica infected ruminants. The aim of this 26 study was to evaluate the presence of Foxp3 + Tregs in the liver and hepatic lymph nodes 27 from experimentally infected sheep and goats during acute and chronic stages of 28 infection. Three groups of goats (n=6) and three groups of sheep (n=6) were used in this 29 study. Goats in groups 1-2 and sheep in groups 4-5 were orally infected with 30 metacercarie of ovine origin. Groups 1 and 4 were killed during the acute stage of the 31 infection, at nine days post infection (dpi); groups 2 and 5 were killed during the 32 chronic stage, at 15 and19 weeks post infection respectively (wpi). Groups 3 (goats) and 33 6 (sheep) were left as uninfected controls. Fluke burdens and liver damage were 34 assessed and the avidin-biotin-complex method was used for the immunohistochemical 35 study. At nine dpi in acute hepatic lesions, the number of both Foxp3 + and CD3 + T 36 lymphocytes increased significantly in goats and sheep. In the chronic stages of 37 infection (15-19 wpi), the number of Foxp3 + and CD3 + T lymphocytes were also 38 significantly increased with respect to control livers, particularly in portal spaces with 39 severely enlarged bile ducts (response to adult flukes) while the increase was lower in 40 granulomas, chronic tracts and smaller portal spaces (response to tissue damage). 41 Foxp3 + Tregs were increased in the cortex of hepatic lymph nodes of sheep (chronic 42 infection) and goats (acute and chronic infection). The estimated proportion of T cells 43 which were Foxp3+ was significantly increased in the large bile ducts and hepatic 44 lymph node cortex of chronically infected goats but not sheep. This first report of the 45 expansion of Foxp3 + Tregs in acute and chronic hepatic lesions in ruminants suggests 46 that these cells may be involved in both parasite survival and modulation of hepatic 47 damage, and that expansion of these cells may be more pronounced in goats compared 48
6 immunoglobulin (Dako) diluted 1:200 in PBS was applied as the secondary antibody for 126 the Foxp3 slides. The avidin-biotin-peroxidase complex (Vector Laboratories) diluted 127 1:50 was finally applied and after washed, tissue sections were incubated with 128 NovaREDTM substrate kit (Vector Laboratories, Burlingame, USA), rinsed in tap 129 water, lightly counterstained with Mayer's haematoxylin and mounted with DPX 130 (Shandon, Pittsburgh, Pennsylvania, USA) . Specific primary antibodies were 131 substituted with PBS or non-immune isotype-matched sera as the negative control. 132
Lymph node sections from uninfected goats and sheep were used as positive controls. 133
Cell counting 134
Immunoreactive cells were counted using Image Pro-plus 6.0 software (Media 135 Cybernetics). The software was calibrated for labelling intensity and cell size to include 136 all immunolabelled cells. Photomicrographs (0.16 mm 2 each) from each animal were 137 used for cell counting. In negative control livers (groups 3 and 6), 10 photomicrographs 138 were selected randomly from portal areas for cell counting. In chronic infection stages 139 (groups 2 and 5), cell counting was carried out to evaluate: (1) response to tissue 140 damage (10 photomicrographs selected randomly from inflammatory infiltrates 141 associated with chronic tracts and granulomas) and (2) response to adult flukes (10 142 photomicrographs selected randomly from inflammatory infiltrates associated with 143 portal areas with severe bile duct hyperplasia). In early infection stages (groups 1 and 144 4), 10 photomicrographs randomly selected from damaged areas were used for cell 145 counting. In HLN, 10 photomicrographs randomly selected from cortical areas, and 10 146 pictures selected from medullary areas, were used for cell counting. Results were 147 expressed as mean ± SD per group. The percentage of CD3 T cells expressing Foxp3 148 was calculated for each animal and results expressed as mean ± SD per group. scars and tortuous white tracts, particularly involving the left liver lobe. Percentage of 177 affected areas in goats was 36.02±9.4% and 33±17.6% in sheep. The gallbladder and 178 major biliary ducts were whitish and enlarged, and they contained brownish fluid 179 admixed with adult flukes. Microscopically, hepatic lesions were composed of marked 180 fibrosis in portal spaces containing large bile ducts and severe infiltration of 181 lymphocytes and plasma cells, either in a diffuse or lymphoid follicle pattern (response 182 to adult flukes, observed within enlarged bile ducts which often showed epithelial 183 erosion). Additionally, chronic tracts with macrophages containing abundant 184 hemosiderin pigment, granulomas with necrotic centres, macrophages and giant 185 multinucleate cells and variable infiltrates of lymphocytes, plasma cells and eosinophils 186 were found in the hepatic parenchyma (response to tissue damage). 187
Hepatic lymph nodes 188
In goats weight of HLN was 2.2 gr ± 0.9, 18.2 gr ±3.4 and 1.0 gr ± 0.5 in groups 1, 2 189 and 3, respectively. In sheep HLN weight was 1.4 ± 0.3, 6.3 ± 0.8 and 1.0 ± 0.5 in 190 groups 4, 5 and 6, respectively. Significant HLN weight increase (P<0.01) was found in 191 chronic infection (groups 2 and 5) with respect to negative controls and acute infection 192 in goats and sheep. The histological study revealed that the HLN weight increase in 193 chronic infections was due to a marked hyperplasia of lymphoid follicles, interfollicular 194 areas and medullary cords. 195
CD3 and Foxp3 expression in the liver 196
Results of cell counting for CD3 and Foxp3 in livers of goats and sheep during acute 197 and chronic infections and negative controls are shown in Table 1 . Uninfected control 198 goats and sheep showed occasional CD3 + T lymphocytes mainly located in portal areas. 199
Foxp3 + cells were also occasionally noted and also located in portal areas. The 200 percentage of Foxp3/CD3 T cells was 20.3% and 18.8% in goats and sheep, 201 respectively (Table 1) . 202
At 9 dpi (acute infection stage), CD3 + and Foxp3 + T cells were found at the periphery of 203 necrotic foci and adjacent portal spaces (Fig. 1 ). The number of both Foxp3 + and CD3 + 204 T lymphocytes increased significantly in goats and sheep with respect to negative 205 controls (Table 1 ). However, the percentage of Foxp3 + /CD3 + did not show a significant 206 change in either goats (P=0.55) or sheep (P=0.48) with respect to negative controls. 207
In the chronic stages of infection (15-19 wpi), the number of CD3 + T lymphocytes and 208 Foxp3 + T cells was significantly increased in both goats and sheep with respect to 209 control livers, particularly in portal spaces with severely enlarged bile ducts (Figs. 2 and 210 3; location B in Table 1) , whereas in granulomas, chronic tracts and smaller portal 211 spaces, the number of CD3 + and Foxp3 + T cells was also increased with respect to 212 negative controls but lower than in the vicinity of enlarged bile ducts (Location A in 213 Table 1 ). The percentage of Foxp3 + /CD3 + T cells in areas of tissue damage in goats was 214 significantly reduced with respect to both the negative controls and acute infections, 215 while it did not change significantly in sheep. In areas of response to adult flukes 216 (periphery of enlarged bile ducts), the percentage of Foxp3 + /CD3 + was not significantly 217 modified with respect to uninfected controls. 218
There was no statistical correlation between number of Foxp3 + T cells and fluke burden 219 or gross pathology in any of the studied groups. 220
Hepatic lymph nodes 221
Results of cell counting for CD3 + and Foxp3 + in HLN of goats and sheep during acute 222 and chronic stages of infection and in negative controls are shown in Table 2 . 223
Uninfected control goats and sheep showed abundant infiltrates of CD3 + T lymphocytes 224
and Foxp3 + T cells in the cortex, particularly in interfollicular areas (Fig. 4) , whereas 225 the number of both cell populations was lower in the medulla (medullary cords and 226 medullary sinuses). 227
During acute infections, CD3 + T lymphocytes were significantly increased with respect 228 to negative controls in sheep and goats (cortex) and sheep (medulla) ( Table 2 ). Foxp3 + 229 T cells were mainly found in interfollicular areas of the cortex (Fig. 5 ). The number of 230 Foxp3 + T cells and ratio Foxp3 + /CD3 + increased significantly only in the cortex of 231 acutely infected goats with respect to negative controls ( Table 2 ). The number of 232 Foxp3 + Tregs and the ratio of Foxp3 + /CD3 + in the medulla were very similar in negative 233 controls and acutely infected goats and sheep (Table 2) . 234
During chronic infections, the number of CD3 + T cells was significantly increased in the 235 cortex and medulla of goats and sheep with respect to negative controls (Table 2) . 236
Foxp3 + Tregs were mainly found in interfollicular areas of cortex ( Fig. 6) , where a 237 significant increase was found in chronically infected goats and sheep with respect to 238 uninfected controls. The percentage of Foxp3 + /CD3 + did not change significantly with 239 respect to the uninfected controls in the cortex and medulla of either goats or sheep 240 (Table 2) . 241 Tregs has not been investigated in F. hepatica infected cattle or sheep. 249
In the present study, we have found a significant increase of Foxp3 + Tregs in the hepatic 250 lesions of both goats and sheep, in the acute and the chronic stages of the infection. This 251 increase of Foxp3 + Tregs was generally correlated to an increase in the number of CD3 + 252 T cells, so the percentage of Foxp3 + /CD3 + cells did not change. 253
The rapid expansion of Foxp3 + Tregs in the acute phase of the infection (9 dpi) seems to 254 be related to the larval migration in the hepatic parenchyma, since most of those cells 255 were found around necrotic foci and tracts and in the adjacent portal spaces. However, 256 no correlation was found between number of In the chronic hepatic lesions, the increase of Foxp3 + Tregs was more pronounced in the 271 inflammatory infiltrates adjacent to large bile ducts than in the periphery of granulomas, 272 chronic tracts and small portal areas. Since the adult parasites in these stage are located 273 within the bile ducts and gallbladder, it seems that Foxp3 + Tregs are specifically 12 recruited to the vicinity of F. hepatica adults or are actively induced by the adult 275 parasites and this may be related to the chronicity of the infection and the long survival 276 of the parasite in the host (Escamilla et al., 2016) . 277
A dual role has been described for Foxp3 + Tregs in hepatic helminth infections: 278 minimising tissue pathology and modulating the host immune response to facilitate 279 parasite survival, as reported in the case of Schistosoma japonicum infection in mice 280 (Zhu et al., 2015) . In the present study, the different proportion of Foxp3 + T cells in the 281 periphery of granulomas and chronic tracts compared to those of large bile ducts and the 282 lack of correlation between Foxp3 + T cells and fluke burden or gross pathology may 283 also suggest this dual role for Tregs in F. hepatica infections. The evaluation of 284 cytokines such as IL-10 and TGF-β produced by Foxp3 + T cells in each of these hepatic 285 lesions is of foremost interest to elucidate this point. 286
The number of Foxp3 + Tregs was also significantly increased in the cortex of the HLN, 287 as well as the number of CD3 + T lymphocytes in both the cortex and the medulla. This 288 data agrees with the increase of Tregs in mesenteric lymph nodes found in helminth 289 infected mice (Smith et al., 2016) . Some differences were observed between sheep and 290 goats, since goats showed higher number of Foxp3 + Tregs in both the acute and the 291 chronic stages, with a significant elevation of the percentage of Foxp3 + /CD3 + in the 292 acute phase of the infection. However, we found no correlation between this higher 293 number of Foxp3 + Tregs in HLN in goats and any other parasitological or pathological 294 data. Sheep and goats seems to have a different immune mechanism in response to 295 gastrointestinal nematodes (Hoste et al., 2010) , but no such difference seems to appears 296 in the case of F. hepatica infection. 297
In conclusion, this is the first report describing the distribution of 
